Introduction
Sulfur and sodium create molten phases on the surface of steel accelerating oxidation at high temperatures known as "hot corrosion" (1) . Vanadium or other elements like molybdenum or boron additionally form phases with low melting point and further increase corrosion rate. Investigation of the electrical properties of ash samples revealed a high electrical conductivity. From impedance data it was concluded that the electrical conductivity is mainly electronic. In addition, redox reactions were observed in vanadium containing ash samples by high temperature voltammetry (2) . By comparison of the measured redox potential with the value calculated from Gibb's enthalpy of formation (2, 3) this was associated with the reaction 54 Ve V
The high conductivity and the apparent high reactivity for the oxygen reduction reaction draw our interest to the phase which is responsible for the electrical and electrochemical properties of the ash. It turned out that FeVO 4 is one of the main constituents of the ash which has interesting properties and applications like as selective catalyst, gas sensor or electrodes in lithium batteries (4 -7). Therefore, pure FeVO 4 was synthesized and investigated by HT-EIS and HT-CV on micro-samples.
For comparison CeVO 4 was included in this investigation. CeVO 4 and its derivatives, due to unique optical, electrical (high electrical conductivity as a p-type semiconductor) and redox properties, have been viewed as prospective materials for microelectronic applications as a counter electrode in electro-chromic windows, luminescent materials, gas sensors, oxidation catalysts and components of solid oxide fuel cell (SOFC) anodes (8 -13) .
Experimental

Sample preparation
FeVO 4 and CeVO 4 materials were prepared by the solid state route from the oxides. Oxides with purity of 99.99% or better were purchased from Aldrich. Oxides were mixed together in the proper molar ratio and ground in the mortar. After calcination for 24 hours at 600 °C and 50 hours at 800 °C for FeVO 4 and CeVO 4 respectively, the material was ground and calcined again. Phase purity was checked by XRD.
The material for impedance spectroscopy samples was ground very carefully together with ethanol and camphor as a pressing aid to get a fine and homogeneously grained powder. The powder was pressed to pellets in an iso-static press. Pellets with a diameter of 10 mm and varying thickness of approximately 3-5 mm were obtained and sintered at 800 °C for 2 hours in case of FeVO 4 and at 950 °C for 22 hours in case of CeVO 4 .
Platinum electrodes were applied by painting platinum paste on both large opposing areas on FeVO 4 pellets. Silver paste electrodes were used in case of CeVO 4 . Samples with the electrodes were fired before mounting them into the sample holder for impedance spectroscopy.
For the voltammetric experiment, small grains of the phase pure material were used; therefore no further treatment was necessary.
Measurements
Impedance spectra were measured in a 2-probe setup. Contacts to the electrodes were made with two platinum plates connected to separate shielded leads for current and voltage for the signal High and Low. The holder is designed for measurements from room temperature up to 800°C. The set-up, consisting of a Solartron 1260 impedance meter and a furnace with double loop temperature control, was operated by in-house developed software. Spectra were measured between 0.1 Hz and 1 MHz with a signal level of 50mVpp.
The voltammetry was done in a cell with yttria stabilized ziconia (YSZ) as an oxygen ion conducting support for counter electrode, reference electrode and the sample as a working electrode. The samples are very small grains which are placed on top of the YSZ and contacted with a platinum plate. A schematic drawing is shown in fig. 1 . The cell is positioned inside a similar holder like for the impedance measurement. The whole cell can be flushed with inert gas. Naturally, there is still some residual low but unknown oxygen partial pressure inside. Consequently, the potential of the reference electrode is unknown. Therefore, a measurement is made on copper for calibration of the reference potential before and after the measurement on the sample. A detailed description of the method is given in (3, 14) . Voltammograms were measured at a scan rate of 10 mVs -1 in a wide potential range between -1.5 V and +0.3 V versus the reference electrode. Potential scale was corrected with respect to the potential of the reversible oxygen electrode at standard-pressure pO 2 = 10 5 Pa (ROE) at the particular temperature. 
Results and Discussion
Impedance spectroscopy and electrical conductivity Impedance spectra for FeVO 4 are shown in fig. 2 for the lower temperatures. The single arc observed in the complex plane impedance plot indicates predominant electronic conductivity of the bulk. The Ohmic resistance of the sample was obtained by extrapolating the semicircle to the real axis at low frequencies. Conductivity was calculated from the resistance value and the geometric factor of the pellet. The temperature dependence of the conductivity follows the Arrhenius relationship. fig. 3 with the transition at about 577°C. This might be either related to a phase transition, ordering/disordering phenomena or the transfer from one to another conduction mechanism. The formation of a melt can be excluded because the melting temperature of FeVO 4 lies above 850°C. This phenomenon is not in the focus of this work; therefore it will not be discussed in detail. The comparison with the electrical measurements on the ash samples show some analogy with respect to the shape of the impedance spectra, the two linear regions in the Arrhenius plot and the transition temperature. Therefore, it seems that indeed the ironvanadate dominates the electrical properties of the ash. The impedance spectra for CeVO 4 are displayed in fig. 4 . In contrast to, a second arc is observed at low frequencies. This might be related to an electrode process, concluded from the relatively large time constant. It indicates that the transference number for the electronic charge carriers is not unity. The temperature range for the measurement was restricted to a maximum of 450°C because of the silver electrodes. Silver easily reacts with the material and forms AgVO 4 as it was found for FeVO 4 (15) . In our measurements, a similar behavior was observed for CeVO 4 . 
Cyclic voltammetry
The voltammogram of a FeVO 4 microsample taken at 600 °C is shown in fig.5 . A redox process is observed at a potential of about -0.35 V vs. the reversible oxygen electrode at 10 5 Pa. This value fits to the thermodynamic value of -0.3 V at this temperature of the redox reaction of vanadium given by equation [1] .
Since in FeVO 4 iron is in the 3+ valence state the influence of the redox reaction [2] cannot be excluded. In the pure iron/ iron-oxide system, Fe 3+ is reduced to the 2+/3+ state according to reaction [3] .
The calculated potential value for the related redox reaction [2] is about -0.61 V at 600 °C. Even if the potential values do not agree very well, this reaction might be responsible for the observed redox process because the calculation is done for the iron oxide and overall reaction [3] and not for the iron vanadate. On the other hand, the voltammogram on cerium vanadate in fig. 6 shows current peaks of a redox reaction in a similar potential range as well. Iron cannot be responsible for the oxidation/reduction peaks found at approximately -0.45 V, naturally. From the overall shape of the voltammograms, the stability of the material seems to be high. No additional reduction peak or significant hysteresis between the cathodic and the anodic scan was observed until about -1.5 V. The relatively large reduction current at large negative polarization indicates fast kinetics for the oxygen reduction reaction of the residual oxygen inside the chamber. Considering the linear relationship between applied potential and current, the current is mainly limited by the Ohmic resistance of the YSZ. At positive potentials the oxygen evolution reaction takes place. It shows also a high reaction rate, again limited by the Ohmic resistance of the cell.
A comparison between redox potentials evaluated from the oxygen partial pressure stability limit of CeVO 4 
Conclusions
Redox processes were observed in CeVO 4 below the calculated stability border for CeVO 4 . Similar redox processes were found for FeVO 4 . This could be related to changes of oxygen stoichiometry in the material and the accompanied reduction/oxidation of vanadium (V 5+ ↔ V 4+ ).
